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(54) Magnetostrictive sensor 

(57) A mechanical sensor, comprising a ferromag- 
netic layer having magnetostriction 13. a ferromagnetic 
layer having magneto-resistance effect 15, a magnetic 
field generating means (12, 14) which excites these fer- 
romagnetic layers, and a substrate 1 1 which supports all 
these elements integrally, can be attained, which is 
small, thin, highly sensitive, and is capable of integration, 
by detecting a change of magnetic flux density passing 
through the ferromagnetic layers resulting from a change 



of magnetic properties caused by stress as a change of 
resistance value arising from magneto-resistance effect 
at input-output terminals 16a, 16b. As a result a small, 
thin, and highly sensitive mechanical sensor can be pro- 
vided using stress magnetic effect. Furthermore, based 
on the anisotropy of detection sensitivity, intensity of the 
stress along a certain direction can be detected selec- 
tively. 
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Description 

This invention relates to a mechanical detection sensor. In particular, this invention relates to a mechanical sensor 
which is capable of detecting stress or distortion with high sensitivity. 

Recently, following the tendency of electronic devices towards becoming smaller and thinner, a mechanical sensor 
which is used in electronic devices is required to become smaller. As an example of mechanical sensor using stress 
magnetic effect, a sensor which is already put in practical use is comprised of a cylinder on which an amorphous magnetic 
alloy thin band having positive saturation magnetostriction constant is adhered and a solenoid coil which detects per- 
meability change in the thin band resulting from applied stress (for example, SAE TECHNICAL PAPER SERIES 920700). 

This conventional type of mechanical sensor is provided with a coil produced by winding wires (diameter: more than 
20 to 30 urn) in the form of solenoid and a ferromagnetic bulk (thickness: 20 to 30 jim). 

However, since the above-mentioned conventional mechanical sensor uses a solenoid wound coil and a ferromag- 
netic bulk, it is difficult to attain a smaller and more integrated sensor. Furthemore, it is necessary to convert inductance 
change of the coil into voltage, so that an amplification circuit becomes complicated, compared with converting resistance 
change into voltage 

An example of plane mechanical sensor which is more suitable for attaining compact size is a distorted gage using 
a metallic foil, but this sensor has only one thousandth of sensitivity, compared with using stress magnetic effect. 

An object of this invention is to solve the above-mentioned problems in conventional systems by providing a small, 
thin, and highly sensitive mechanical sensor which can be integrated. 

In order to accomplish these and other objects and advantages, a mechanical sensor of this invention comprises a 
ferromagnetic layer having magnetostriction, a ferromagnetic layer having a magneto-resistance effect, a magnetic field 
generating means which excites these ferromagnetic layers, and a substrate which supports all these elements integrally, 
wherein a change of magnetic flux density passing through the ferromagnetic layers resulting from a change of magnetic 
properties due to stress is detected as a change of resistance value arising from the magneto-resistance effect. 

It is preferable in the above-mentioned configuration that the magnetic field which excites the ferromagnetic layers 
is oriented in a direction which is substantially parallel to a direction of the stress. 

Furthermore, it is preferable in the above-mentioned configuration that an electric insulating layer is further provided 
between the substrate and the ferromagnetic layer having magnetostriction. 

In addition, it is preferable in the above-mentioned configuration that an electric insulating layer is further provided 
between the ferromagnetic layer having magnetostriction and the ferromangetic layer having magneto-resistance effect. 

Also, it is preferable in the above-mentioned configuration that the ferromangetic layer having magneto-resistance 
effect is connected to input-output terminals of electric power. 

It is preferable in the above-mentioned configuration that a non-magnetic layer is further provided between the 
ferromagnetic layer having magnetostriction and the ferromagnetic layer having magneto-resistance effect for magnet- 
ically separating these two layers, and these ferromagnetic layers are excited through electric current passing through 
the ferromagnetic layer having magneto-resistance effect. 

Furthermore, it is preferable in the above-mentioned configuration that the ferromagnetic layer and the non-magnetic 
layer are formed by a vapor phase film formation method or by a liquid phase film formation method. 

It is preferable in the above-mentioned configuration that the mechanical sensor comprises a ferromagnetic layer 
having magnetostriction, a ferromangetic layer having magneto-resistance effect, a non-magnetic conductive layer 
formed between these two ferromagnetic layers, and a non-magnetic insulating layer for electrically insulating these 
layers, wherein these ferromagnetic layers are excited through an electric current passing through the conductive layer. 

In addition, it is preferable in the above-mentioned configuration that the non-magnetic conductive layer is connected 
to input-output terminals of electric power which is provided separately from the input-output terminals of electric power 
connected to the ferromagnetic layer. 

Furthermore, it is preferable in the above-mentioned configuration that the ferromagnetic layers, the non-magnetic 
conductive layer, and the non-magnetic insulating layer are formed by a vapor phase film formation method or by a liquid 
phase film formation method. 

In addition, it is preferable in the above-mentioned configuration that two ferromagnetic layers having magnetostric- 
tion are provided in parallel in a cross-sectional direction, and a gap section created between these two ferromagnetic 
layers is provided with a ferromagnetic layer having magneto-resistance effect which is positioned substantially parallel 
to these ferromagnetic layers and also with magnet layers disposed on both outside positions of the two ferromagnetic 
layers having magnetostriction for exciting these ferromagnetic layers. 

Also, it is preferable in the above-mentioned configuration that the ferromagnetic layers and the magnet layer are 
formed by a vapor phase film formation method or by a liquid phase film formation method. 

It is preferable in the above-mentioned configuration that the ferromagnetic layer having magnetostriction comprises 
amorphous magnetostrictive alloy. 
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Furthermore, it is preferable in the above-mentioned configuration that the amorphous magnetostrictive alloy com- 
prises at least one alloy selected from the group comprising Fe-Cr-Si-B-based, Fe-Nb-Si-B-based, Fe-V-Si-B-based, 
Fe-Co-Si-B-based. Fe-W-Si-B-based. Fe-Ni-Cr-Si-B-based. Fe-Ni-Nb-B-based, and Fe-Ni-Mo-B-based alloy. 

In addition, it is preferable in the above-mentioned configuration that the amorphous magetostrictive alloy comprises 
5 Fe75Cr 4 Si 12 .5B&5. 

Also, it is preferable in the above-mentioned configuration that the ferromagnetic layer having magneto-resistance 
effect comprises a NiFe alloy film. 

It is preferable in the above-mentioned configuration that the electric insulating layer comprises Si0 2 
Furthermore, it is preferable in the above-mentioned configuration that the substrate comprises one substance 
io selected from the group comprising metal, glass, and ceramics. 

According to the configuration of this invention, the mechanical sensor comprises a ferromagnetic layer having 
magnetostriction, a ferromagnetic layer having magneto-resistance effect, a magnetic field generating means which 3 
excites these ferromagnetic layers, and a substrate which supports all these elements integrally, wherein a change of 
magnetic flux density passing through the ferromagnetic layers resulting from a change of magnetic properties due to 
75 stress can be detected as a change of a resistance value arising from magneto-resistance effect. As a result, a small, 
thin, and highly sensitive mechanical sensor which can be integrated can be attained. In other words, due to the thin 
film process, a mechanical sensor which is extremely small and uses stress magnetic effect on the plane can be formed, 
and this mechanical sensor can be easily applied to the tendency of compact-size, integration, and high sensitivity. 
As mentioned above, it is preferable that the magnetic field which excites the ferromagnetic layers is oriented in a 
20 direction which is substantially parallel to a direction of the stress. In this way, it is possible to detect permeability change 
of the ferromagnetic layer having magnetic flux arising from magnetic anisotropy induced in the stress direction most 
sensitively. 

Also, when a non-magnetic layer is further provided between the ferromagnetic layer having magnetostriction and 
the ferromagnetic layer having magneto-resistance effect for magnetically separating these two layers, and when these 

25 ferromagnetic layers are excited through electric current passing through the ferromagnetic layer having magneto-resist- 
ance effect, the ferromagnetic layer having magneto-resistance effect serves as a magnetic field generating means, 
thereby simplifying the structure. In addition, the generated magnetic power forms a small loop in its vicinity, so that 
distortion in a micro-part can be detected efficiently. 

Furthermore, according to the preferable configuration of this invention, the ferromagnetic layer and the non-mag- 

30 netic layer are formed by a vapor phase film formation method or by a liquid phase film formation method. This enables 
accurate manufacturing of the shape of the magnetic circuit, and the magnetic circuit can be produced even finer and 
in a solid-state. It is preferable that the vapor phase film formation method is performed by a vacuum deposition method 
or by a sputtering method. According to the vacuum deposition method, a film is formed in a high vacuum of more than 
10~ 5 Torr, in which an object substance is evaporated by an electron beam heating or a resistance heating. According 

35 to the sputtering method, a film is formed at vacuum degree of 1 0" 2 to 1 0~ 5 Tonr in an atmosphere mainly composed of 
argon, in which an object substance is subjected to a sputtering evaporation by ionized argon. The liquid phase film 
formation method is preferably performed by coating. 

As mentioned above, it is preferable that the mechanical sensor comprises a ferromagnetic layer having magneto- 
striction, a ferromangetic layer having magneto-resistance effect, a non-magnetic conductive layer formed between these 

40 two ferromagnetic layers, and a non-magnetic insulating layer for electrically insulating these layers, wherein these fer- 
romagnetic layers are excited through electric current passing through the conductive layer. As a result, electric current 
for exciting the ferromagnetic layers and electric current for sensing can be controlled independently, which results in 
higher degree of freedom in the designing of magnetic circuits and electric circuits. Also, since the generated magnetic 
flux forms a small loop, distortion in a micro-part can be detected efficiently. 

45 When the ferromagnetic layers, the non-magnetic conductive layer, and the non-magnetic insulating layer are formed 
by a vapor phase film formation method or by a liquid phase film formation method, this enables accurate manufacturing 
of the shape of the magnetic circuit, and the magnetic circuit can be produced even finer and in a solid-state. 

As mentioned above, it is preferable that two ferromagnetic layers having magnetostriction are provided in parallel 
in a cross-sectional direction, and a gap section created between these two ferromagnetic layers is provided with a 

so ferromagnetic layer having a magneto-resistance effect which is positioned substantially parallel to these ferromagnetic 
layers and also with magnet layers disposed on both outside positions of the two ferromagnetic layers having magne- 
tostriction for exciting these ferromagnetic layers. Accordingly, it is no longer necessary to pass electric current for exci- 
tation, which results in lower consumption of electric power. 

It is also preferable for the ferromagnetic layers and the magnet layer to be formed by a vapor phase film formation 

55 method or by a liquid phase film formation method, since this enables accurate manufacturing of the shape of the mag- 
netic circuit, and the magnetic circuit can be produced even finer and in a solid-state. 

When the ferromagnetic layer having magnetostriction comprises an amorphous magnetostrictive alloy, detection 
of dynamic amount can be performed accurately. In particular, it is preferable that the amorphous magnetostrictive alloy 
comprises at least one alloy selected from the group comprising Fe-Cr-Si-B-based. Fe-Nb- Si -B -based, Fe-V-Si-B-based, 
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Fe-Co-Si-B-based, Fe-W-Si-B-based, Fe-Ni-Cr-Si-B-based, Fe-Ni-Nb-B-based. and Fe-Ni-Mo-B-based alloy. Especially, 
Fe7sCr 4 Si 12 5 B 8 5 'S suitable. The composition of an amorphous magnetostrictive alloy film was Fe7 5 Cr 4 Si 12 5 B 85 in 
atom%; temperature of crystallization was 460°C; and saturation magnetostrictive constant was 22 ppm. 

According to this invention, the mechanical sensor comprises a ferromagnetic layer having magnetostriction, a fer- 
5 romagnetic layer having magneto-resistance effect, a magneticf ield generating means which excites these ferromagnetic 
layers, and a substrate which supports all these elements integrally, wherein a change of magnetic flux density passing 
through the ferromagnetic layers resulting from a change of magnetic properties due to stress is detected as a change 
of resistance value arising from magneto-resistance effect. As a result, a small, thin, and highly sensitive mechanical 
sensor which can be integrated can be attained. In this way, stress magnetic effect can be used to provide a small, thin, 
10 and highly sensitive mechanical sensor. In addition, based on the anisotropy of the detection sensitivity, the strength of 
stress along a certain direction can be detected selectively. 

FIG. 1 (a) is a plan view showing a mechanical sensor in Example 1 of this invention. FIG. 1 (b) is a view showing 

magnetic directions of a mechanical sensor in Example 1 of this invention. 

FIG. 2 is a cross-sectional view taken on line l-l of FIG. 1 (a). 
is FIG. 3 (a) is a plan view showing a mechanical sensor in Example 2 of this invention. FIG. 3 (b) is a view showing 
magnetic directions of a mechanical sensor in Example 2 of this invention. 
FIG. 4 is a cross-sectional view taken on line 11-11 of FIG. 3 (a). 

FIG. 5 (a) is a plan view showing a mechanical sensor in Example 3 of this invention. FIG. 5 (b) is a view showing 
magnetic directions of a mechanical sensor in Example 3 of this invention. 
20 FIG. 6 is a cross-sectional view taken on line ll-ll of FIG. 5 (a). 

This invention will be explained in detail by referring to the following illustrative examples and attached figures. The 
examples are illustrative and should not be construed as limiting the invention in any way. 

In the following examples, a ferromagnetic layer having magnetostriction is referred to as a magnetostrictive layer, 
and a ferromagnetic layer having magneto-resistance effect is referred to as a magneto-resistance element. 

25 

Example 1 

FIG. 1 (a) is a plan view showing a configuration of a mechanical sensor in this embodiment. FIG. 2 is a cross- 
sectional view taken on line l-l of FIG. 1 (a). The configuration of a mechanical sensor in this embodiment will be explained 
30 by referring to these two figures. 

In the central part on top of a substrate 1 1 having a long side 10 mm, a short side 5 mm, and a thickness 0.5 mm, 
a magnetostrictive layer 13 comprising a ferromagnetic layer having magnetostriction is formed with an area of 2 mm 
by 2 mm (2 square mm) and a thickness of 1 Jim. The substrate 1 1 can be made of any non-magnetic body, such as 
metal, ceramics, and so on. In this embodiment, titanium is used for the substrate 1 1 . The substrate surface is covered 
35 with an insulating layer 12 comprising Si0 2 of 0.3 urn thick. The shape of the substrate 1 1 is not limited to a flat form 
shown in FIG. 2 or a rectangular form which is present on the back side of the insulating layer 12 in FIG. 1 (a). The 
magnetostrictive layer 13 in FIG. 2 comprises a Fe-group amorphous alloy film formed by a sputtering method and 
contains Fe, Cr. Si, and B. The composition is Fe75Cr 4 Si 12 5 B 8 5 . Relative permeability of the magnetostrictive layer 13 
at 1 MHz is 1000, and saturation magnetostriction constant is +22 ppm. 
40 On the surface of this magnetostrictive layer 1 3, an insulating layer 14 (thickness: 0.2 urn) comprising Si0 2 is formed 
by a sputtering method. On top of the insulating layer 14. a magneto-resistance element 15 is formed linearly in a short 
side direction of the substrate 1 1 (width 50 urn, length 3 mm, thickness 0.1 Jim), and this magneto-resistance element 
15 is connected to input-output terminals 16a and 16b. The insulating layer 14 comprises a non-magnetic body and also 
serves for magnetically separating the magnetostrictive layer 1 3 and the magneto-resistance element 1 5. The magneto- 
ns resistance element 15 comprises a NiFe alloy film manufactured by a vacuum deposition method. At the time of depo- 
sition, a magnetic field is oriented in a longitudinal direction of the magneto-resistance element 1 5, and one-axis magnetic 
anisotropy is given in which the longitucfinal direction serves as an axis of easy magnetization. In other words, the 
magneto-resistance element 15 possesses anisotropic magneto-resistance effect 

Next, an operation of the mechanical sensor in this embodiment will be explained. Among the in-plane directions 
so of the substrate 1 1, the longitudinal direction of the substrate is defined as S-direction, and the longitudinal direciton of 
the magneto-resistance element 15 (axis direction of easy magnetization of the magneto-resistance element 15) is 
defined as E-direction. Furthermore, stress was applied in the S-direction of the substrate surface, and property change 
was measured. 

When a magnetic field is not applied, magnetization Ms of the magneto-resistance element 15 is arranged in the 
55 axis direction of easy magnetization (E-direction). A magnetic field is generated when electric current is passed through 
the magneto-resistance element 1 5, and magnetic flux 1 7 passing through the magneto-resistance element 1 5 and the 
magnetostrictive layer 13 is generated in the S-direction, as shown in FIG. 2. As a result. Ms is rotated in the S-direction 
and forms an angle e with the E-direction. It is well-known that resistance changes by rotation of magnetization in a 
magneto-resistance element having anisotropic magneto-resistance effect, and this resistance change can be shown 
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in the following formula (Formula 1). In this formula, R represents a value of resistance; Ro represents a value of resist- 
ance when 6 is 0, and AR is called anisotropic magnetoresistance and is a constant indicating a resistance change. 

R = R 0 - AR ■ sin 2 6 (Formula 1) 

5 

It is clear from the above-mentioned formula (Formula 1 ) that the value of resistance decreases as the mag- 
netic field becomes stronger, and the resistance change reaches saturation at the moment when Ms is oriented to the 
S-direction (e =90° ). The magnetic field at the time of saturation is called an anisotropic magnetic field (Hk), and the 
magneto-resistance element in this embodiment has Hk of 480 A/M. Hie magneto-resistance element comprising a 
10 ferromagnetic body has the advantage of possessing higher sensitivity in a low magnetic field than with a semiconductor 
magneto-resistance element or a Hall element, and this magneto-resistance element is also capable of excitation in a 
tow magnetic field. In this embodiment, electric current is adjusted such that resistance becomes approximately Ro - 
1/2AR under the condition of applying no stress, and the sensor is made to operate in an intermediate condition of 
resistance change. 

is As for an operation at the time when stress is applied, when stress is applied to the substrate 1 1 . stress is generated 
in the S-direction of the magnetostrictive layer 13. When stress is applied to the ferromagnetic layer having magneto- 
striction, magnetic anisotropy is induced in the stress direction due to magnetic elastic energy, so that permeability of 
the stress direction changes. Since the direction of the magnetic flux 17 and that of the stress match, magnetic flux 
density (magnetic field) of the magnetic flux 1 7 changes. As a result, due to the rotation of Ms. the value of resistance 

20 in the magneto-resistance element 15 changes. A magnetostrictive layer having positive saturation magnetostriction 
constant is used in this embodiment, so that the permeability increases at the time of tensile stress and decreases at 
the time of compressive stress. Therefore, the value of resistance in the magnetic resistive element 15 decreases at the 
time of tensile stress and increases at the time of compressive stress. The reason why the operation point at the time 
of no stress is adjusted to Ro - 1/2AR is to improve linearity of the resistance change. Furthermore, the reason why the 

25 magneto-resistance element 15 is positioned in this embodiment in such a way that the longitudinal direction (axis 
direction of easy magnetization) of the magneto-resistance element having anisotropic magneto-resistance effect forms 
90° against the applied stress direction is to make the direction of arising magnetic flux match with the direction of the 
stress and to attain the maximum sensitivity against the stress. When the direction of the magnetic flux and the direction 
of the stress create a gap, the magnetic flux density changes as much as the component of magnetic flux direction of 

30 the stress, and the resistance change Ar to be obtained can be indicated in the following formula (Formula 2). Here. 9' 
represents an angle formed between the magnetic flux direction and the stress direction, and Ar 0 represents a value of 
Ar when 6" is 0. 

Ar = Ar 0 • cos & (Formula 2) 

35 

According to the above-mentioned formula (Formula 2), change caused by the stress becomes 0 when 6' = 
90°. Thus, when a temperature compensation is performed, the magneto-resistance element for temperature compen- 
sation should be formed in this direction. 

r Finally, according to the results of the property measurement, 1 .2 % of resistance change was obtained when stress 
40 was applied to create -50 ppm to +50 ppm of distortion on the surface of the substrate 1 1 . 

Example 2 

FIG. 3 (a) is a plan view showing a configuration of a mechanical sensor (Example 2) of this invention. FIG. 4 is a 
45 cross-sectional view taken on line ll-l! of FIG. 3 (a). The configuration of a mechanical sensor in this embodiment will 
be explained by referring to these two figures. 

The structure, material, and manufacturing process of the mechanical sensor in this embodiment are approximately 
the same as those of the mechanical sensor in Example 1 . The mechanical sensor of this embodiment differs only in 
that a non-magnetic conductor 21 which is disposed to excite a magnetostrictive layer 13 and a magneto-resistance 
so element 1 5 is positioned via insulating layers 1 4a, 1 4b between the magnetostrictive layer 1 3 and the magneto-resistance 
element 15. The non-magnetic conductor 21 is connected to terminals 22a and 22b. The non-magnetic conductor 21 
comprises an aluminum film formed by a sputtering method and has a thickness 1 Mm and the same width as that of 
the magneto-resistance element 15. According to this configuration, electric current for excitation of the ferromagnetic 
layer and electric current for sensing can be controlled independently, so that degree of freedom on a magnetic circuit 
55 or on an electric circuit is enhanced. Furthermore, since the electric current for excitation is passed through the thick 
conductive layer whose conductive rate is high, a temperature change caused by exothermic of the magneto-resistance 
element 15 becomes small. 

An operation in this embodiment is the same as that in Example 1 . A magnetic field is generated when electric 
current is passed through the non-magnetic conductor 21 , and magnetic flux 23 passing through the magneto-resistance 



5 



BNSDOCID: <EP 0690296A2_I_> 




EP 0 690 296 A2 

element 15 and the magnetostrictive layer 13 is generated in the S-direction, as shown in FIG. 4. When stress is applied 
in the S-direction, magnetic flux density of the magnetic flux 23 changes, and the value of resistance in the magneto- 
resistance element 15 changes. Also in this embodiment, the non-magnetic conductor 21 is made to form 90° against 
the S-direction so that the stress direction matches the excitation direction. 
5 The change of resistance value against the stress was, as in Example 1 , 1 .2 % when the stress was applied to 

create -50 ppm to 450 ppm of distortion on the surface of the substrate 1 1 . 

Example 3 

io FIG. 5 (a) is a plan view showing a configuration of a mechanical sensor (Example 3) of this invention. FIG. 6 is a 
cross-sectional view taken on line Ill-Ill of FIG. 5 (a). The configuration of a mechanical sensor in this embodiment will 
be explained by referring to these two figures. 

In the central part on top of a glass substrate 31 having a long side 10 mm. a short side 5 mm, and a ttiickness 0.5 ~ 
mm, a magneto-resistance element 32 is formed linearly in a short side direction of the substrate 31 (width 50 Jim, length 

is 3 mm, thickness 0.1 urn), and the magneto-resistance element 32 is connected to input-output terminate 33a and 33b. 
In addition, an insulating layer 34 is formed covering this magneto-resistance element 32. On top of the insulating layer 
34, a magnetostrictive layer 35 provided with a linear slit is formed in such a position that the magnetostrictive layer 35 
partially overlaps with the magneto-resistance element 32. The structure, material, and manufacturing process of the 
magneto-resistance element 32 and the insulating layer 34 are the same as those in Example 1 . As for the magneto- 

20 strictive layer 35, the thickness and the manufacturing process are the same. On both of their sides, magnet layers 36a 
and 36b of 2 square mm and 2 \xm thick are formed. The magnet layers 36a. 36b comprise magnets made of CoPt alloy 
manufactured by a sputtering method, and the magnets are polarized in a longitudinal direction of the substrate. 

Next, an operation of the mechanical sensor in this embodiment will be explained. Among the in-plane directions 
of the substrate 31. the longitudinal direction of the substrate is defined as S-direction. and the longitudinal direciton of 

25 the magneto-resistance element 32 (axis direction of easy magnetization of the magneto-resistance element 32) is 
defined as E<lirection. Furthermore, stress was applied to be in the S-direction of the substrate surface, and property 
change was measured. 

Since the magnet layers 36a. 36b are polarized in the S-direction. magnetic flux 37 arising from these magnets 
moves along the S-direction and passes through the magnetostrictive layer 35 and the magneto-resistance element 32, 
30 as shown in FIG. 6. Furthermore, the magnet layers 36a. 36b are formed and positioned so that a value of resistance 
in the magneto-resistance element 32 becomes Ro - 1/2AR when stress is not applied. 

When the stress is applied in the S-direction, according to the same reason mentioned earlier in Example 1 , magnetic 
flux density of the magnetic flux 37 changes, and the value of resistance in the magnetic resistive element 32 changes. 
Also in this embodiment, the excitation direction and the stress direction are designed to match. When a gap arises 
35 between the stress direction and the excitation direction, the output result is the same as in Example 1 . 

The change of resistance value against the stress was 1 .4 % when the stress was applied to create -50 ppm to + 
50ppm of distortion on the surface of the substrate 31 . 

In the above-mentioned Examples 1 to 3, a Fe-group amorphous alloy manufactured by a sputtering method was 
used for the magnetostrictive layer. However, it is natural that the same type of sensor can be constructed using other 
40 ferromagnetic layers having magnetostriction. 

In the above-mentioned Examples 1 to 3. a NiFe alloy film showing anisotropic magneto-resistance effect which 
was manufactured by a deposition method was used for the magneto-resistance element. However, it is clear from the 
configuration of the magnetic circuit in the sensor of this invention that the same type of sensor can be constructed using 
other ferromagnetic layers whose value of resistance changes according to a magnetic field (for example, Giant magneto- 
ns resistance effect; Bulletin of Japanese Society for Applied Magnetics, No. 16, pp 614-635). 

Claims 

1 . A mechanical sensor, comprising : a ferromagnetic layer having magnetostriction, a ferromagnetic layer having mag- 
so neto-resistance effect, magnetic field generating means for exciting said ferromagnetic layers, and a substrate which 
supports said ferromagnetic layers and said magnetic field generating means integrally, wherein a change of mag- 
netic flux density passing through said ferromagnetic layers resulting from a change of magnetic properties due to 
stress is detected as a change of a resistance value arising from magneto-resistance effect. 

ss 2. The mechanical sensor as claimed in claim 1, wherein a magnetic field which excites the ferromagnetic layers is 
oriented in a direction which is substantially parallel to a direction of the stress. 

3. The mechanical sensor as claimed in claim 1 or 2. wherein an electric insulating layer is further provided between 
the substrate and the ferromagnetic layer having magnetostriction. 
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4. The mechanical sensor as claimed in claim 1 , 2, or 3, wherein an electric insulating layer is further provided between 
the ferromagnetic layer having magnetostriction and the ferromangetic layer having magneto-resistance effect. 

5. The mechanical sensor as claimed in any of claims 1 to 4, wherein the ferromangetic layer having magneto-resist- 
5 ance effect is connected to input-output terminals of electric power. 

6. The mechanical sensor as claimed in any of claims 1 to 5, wherein a non-magnetic layer is further provided between 
the ferromagnetic layer having magnetostriction and the ferromagnetic layer having magneto-resistance effect for 
magnetically separating these two layers, and these ferromagnetic layers are excited through electric current passing 

io through the ferromagnetic layer having magneto-resistance effect. 

7. The mechanical sensor as claimed in claim 6, wherein the ferromagnetic layer and the non-magnetic layer are 
formed by one of a vapor phase film formation method and a liquid phase film formation method.- 

is 8. The mechanical sensor as claimed in any of claims 1 to 7, wherein comprising a non-magnetic conductive layer 
formed between the two ferromagnetic layers, and a non-magnetic insulating layer for electrically insulating the two 
ferromagnetic layers, wherein the two ferromagnetic layers are excited by electric current passing through the con- 
ductive layer. 

20 9. The mechanical sensor as claimed in claim 8, wherein the non-magnetic conductive layer is connected to input- 
output terminals of electric power which are provided separately from the input-output terminals of electric power 
connected to the ferromagnetic layer. 

10. The mechanical sensor as claimed in claim 8 or 9, wherein the ferromagnetic layers, the non-magnetic conductive 
25 layer, and the non-magnetic insulating layer are formed by one of a vapor phase film formation method and a liquid 

phase film formation method. 

11. The mechanical sensor as claimed in claim 10, wherein two ferromagnetic layers having magnetostriction are pro- 
vided in parallel in a cross-sectional direction, a gap section created between said two ferromagnetic layers is pro- 

30 vided with a ferromagnetic layer having magneto-resistance effect which is positioned substantially paraflel to these 
ferromagnetic layers and two magnet layers are disposed on both outside positions of said two ferromagnetic layers 
having magnetostriction for exciting these ferromagnetic layers. 

1 2. The mechanical sensor as claimed in daim 1 1 , wherein the ferromagnetic layers and the magnet layers are formed 
35 by one of a vapor phase film formation method and a liquid phase film formation method. 

1 3. The mechanical sensor as claimed in any of claims 1 to 1 2, wherein the ferromagnetic layer having magnetostriction 
comprises amorphous magnetostrictive alloy. 

40 14. The mechanical sensor as claimed in claim 13, wherein the amorphous magnetostrictive alloy comprises at least 
one alloy selected from the group comprising Fe-Cr-Si-B-based, Fe-Nb-Si-B-based, Fe-V-Si-B-based. Fe-Co-Si-B- 
based, Fe-W-Si-B-based, Fe-Ni-Cr-Si-B-based, Fe-Ni-Nb-B-based, and Fe-Ni-Mo-B-based alloy. 

15. The mechanical sensor as claimed in claim 13 or 14, wherein the amorphous magetostrictive alloy comprises 
45 Fe75Cr 4 Si 12 .5^8.5- 

16. The mechanical sensor as claimed in any of claims 1 to 15, wherein the ferromagnetic layer having magneto-resist- 
ance effect comprises a NiFe alloy film. 

so 17. The mechanical sensor as claimed in any of claims 1 to 16. wherein the electric insulating layer comprises Si0 2 . 

18. The mechanical sensor as claimed in any of claims 1 to 1 7, wherein the substrate comprises one substance selected 
from the group comprising metal, glass, and ceramics. 
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FIG. 3 (b) 
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FIG. 5 (b) 
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(57) A mechanical sensor, comprising a ferromag- 
netic layer having magnetostriction 13, a ferromagnetic 
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result, a small, thin, and highly sensitive mechanical 
sensor can be provided using stress magnetic effect. 
Furthermore, based on the anisotropy of detection sen- 
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can be detected selectively. 
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